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SUMMARY 

A method of lining— up 4§ in image orthicon cameras, devised within Oper- 
ations and Maintenance Department, has formed the basis of an investigation into 
variations in the behaviour of this camera tube when presented with highlight areas of 
differing shape and size. 

The local effect of a small-area highlight has been found to be similar in 
character to a local increase in storage capacitance at the target of the image orthicon. 

1. INTRODUCTION 

1.1. General 

It is well known that the measured contrast law or transfer characteristic 
of the image orthicon type of camera is dependent, in a complicated way, upon the size 
and shape of the -ptical test object. In the past, this has led to difficulty in 
measurement and it has been found necessary to use a test object of fairly large area 
in order to measure a representative transfer characteristic. In essence, the 
transfer characteristic consists of two principal regions which represent the low- 
light and high-light modes of operation respectively; these are joined by a transition 
region or "knee". At low values of illumination, the signal output from the tube is 
proportional to the light input, whilst at higher values increasing non-linearity is 
encountered. This non-linearity is so severe that the "point gamma" above the "knee" 
region is very nearly zero in the case of most 4§ in image orthicons and about 0*25 
for the early type of 3 in tube. 

In monochrome television practice, the tube is usually operated so as to 
include some non-linearity within its working range and the highlight illumination 
is chosen as a compromise between considerations of sensitivity, signal-to-noise ratio 
and tonal rendition. In these circumstances it is found that the picture-signal 
output from the edges of white objects, or from whole white objects of small di- 
mensions, tends to be higher than that from the central areas of large white objects 
having similar luminance. 

When viewing a televised scene, the "edge-effect" appears, mainly, as a 
local enhancement of contrast and, whilst this undoubtedly constitutes a distortion, 
there is little doubt that the subjective result is largely beneficial. The effect 
was of great importance to the early type of 3 in image orthicon, since it improved 
the apparent resolution of the tube and generally increased the acceptability of the 
output-picture quality. The Ai in image orthicon, with its superior intrinsic 



performance, shows a marked reduction both in the phenomenon itself and in the need 
for its presence as a synthetic aid to acceptable picture quality. Nevertheless, the 
effect remains far from negligible and can still be used to the general advantage if 
the tube is properly operated. 

Many investigations have been made into the operation of this and other 
types of camera tube. In particular, the work of Theile and Pilz 1 concerns those 
aspects of performance under consideration here. The superiority of the 4^ in 
tube, however, is such that most of the available information, which is mainly 
applicable to the 3 in tube, has now become of reduced significance. Indeed it is 
often found necessary to misuse the 4s in tube in order to demonstrate some of the 
features found in the normal 3 in image orthicon. Nevertheless, in any attempt to 
improve and standardize the operational performance of the existing 4§ in image 
orthicon, the qualitative aspects of the existing literature on the subject are found 
to be most useful. 

Most aspects of image orthicon performance (including the subject matter of 
this report) are influenced to a great extent by the spacing between the target and 
its associated mesh. Three types of 4i in image orthicon are manufactured, each 
with a different value for this dimension, but only the type P822, which has an 
"intermediate" spacing, is considered here. 

1.2. Definitions 

The terms "tube transfer characteristic" and "overall transfer characteris- 
tic" will be used in this report and it is important, at this stage, to define the 
meaning of each. 

The Tube Transfer Characteristic is the relationship between the input photo— cathode 
illumination and the camera- tube output picture-signal current. This is the charac- 
teristic normally measured experimentally and refers solely to the performance 
of the tube. 

The Overall Transfer Characteristic is the relationship between the input photo- 
cathode illumination and the camera-channel output picture signal. This characteris- 
tic describes the combined performance of the camera tube and the signal-processing 
(black-stretch) circuits within the camera control unit and is illustrated in the 
following section. 

1.3. Operational Considerations 

Before a transmission from a B.B.C. television studio, and prior to the final 
adjustment of the studio lighting, it is normal practice to standardize the exposure 
and overall transfer characteristics of each camera. The reasons for this operation 
are twofold: 

(i) Minimum disturbance to the viewer will result when switching from one camera 
to another viewing the same scene, since all cameras will portray the scene 
in a similar manner. * 

(ii) Each camera will operate in a pre— determined, desired condition. 

o 
* This statement ignores the effect of any differences in colour response. 



One such, line-up procedure, devised* specially for use with the 4§ in 
image orthicon, employs a rear-illuminated, horizontal test-wedge in which three 
standard light levels (white and two grey levels) are displayed against a black hack- 
ground. This is imaged by the camera lens so as to occupy roughly the central 
quarter of the television-picture area, whence each step of the test wedge can be 
classified as a "large area". The exposure, "black-stretch" and gain controls are 
then adjusted until the three corresponding output-signal levels coincide with three 
pre— determined graticule lines on the output waveform monitor. The net result is to 
fix, at 80# of maximum, the picture-signal output corresponding to "large-area" white 
objects, the overall transfer characteristic having a gamma of approximately 0*45. 
This is shown in Fig. 1. It will be seen that the slope or "point-gamma" of the 
curve increases with decreasing light level and it is the task of the lighting engineer 
to adjust shadow illumination subjectively in order to counteract this, using a 
picture monitor as his sole guide. Large white areas of the scene are illuminated to 
produce an output picture signal not greater than 80# of maximum, the upper margin 
from 80# to IOO56 being occupied by signals corresponding to small-area highlights. 



* By A.B. Palmer of Television 0. & M. Department. 
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Fig. I - Overall transfer characteristic of H? in image orthicon 
camera channel using special line-up procedure 



Such signals can be caused by genuine high- luminosity (specular) reflections or arise 
purely as a result of the small dimensions of white objects within the scene. Those 
excursions which would otherwise exceed 100$ signal amplitude are limited at this 
value either by circuits within the camera control unit or (preferably) by a controlled 
deficiency of beam current in the camera tube. Such signals have been found always 
to be of extremely short duration. 

The subjective result is a television picture with very pleasing charac- 
teristics. The higher amplitude signals, being of small area, add "sparkle" to the 
picture, whilst there appears to be little doubt about the desirability of allocating 
a value to the "mass whites" which is below normal white level (possibly on account of 
the reduced effect of flicker). In addition, the signal-to-noise ratio is maintained 
at a higher value by the minimum use of "black stretch" and a more accurate control of 
the tube beam current. This procedure, which represents a serious attempt to exploit 
the idiosyncrasies of the 4§ in image orthicon, has been developed operationally 
and was demonstrated at Riverside Studios in 1960. 

The present investigation into the effect of small-area highlights was 
undertaken largely as a result of the interest stimulated by the method, which gives 
consistently good results and clearly has much to commend it. 

1.4. Objects of the Investigation 

The performance of the camera tube, when set up by the method described, has 
been examined in order to determine: 

(i) The dimens_ons of variously-shaped test objects which exert an influence 
upon the tube transfer characteristic, and the amount of such influence 
as a function of the size and shape of the object. 

(ii) The significance of the effect at the edges of large white areas. 

(iii) The suitability of 80$ of maximum as a choice of output-signal level 
corresponding to large white areas. 

(iv) The shape of the overall transfer characteristic which results from 
operating in these conditions. 

(v) Whether the sensitivity of the tube is affected, i.e. whether the exposure 
to large white areas is located at the so-called "preferred operating point" 
(i.e. half of one "stop" above the region where the point-gamma of the 
transfer characteristic has a value of 0*5). 

1.5. The Accumulation and Distribution of Charge at the Target 

Theile and Pilz 1 have explained the mechanism and circumstances whereby an 
image orthicon can enhance the apparent contrast between adjacent areas of a televised 
scene and this explanation can further be extended and modified to include small areas 
of highlight. 
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Fig. 2(a) shows a magnified 
cross-sectional view of the target and 
target-mesh. The behaviour of the target 
in the region of a black-to-white transi- 
tion is illustrated in Pig. 2(b), by means 
of an equivalent circuit, the validity of 
which relies on the assumption that the 
surface of the target may be regarded as 
being divided into a large number of small 
areas, each the size of one picture ele- 
ment. The cross— section can be taken in 
either the vertical or horizontal direc- 
tion, but it is convenient here to consider 
the vertical case, where the spacing be- 
tween adjacent picture elements is equal 
to the line pitch during any one field.* 
Bach picture element will have both capaci- 
tance to earth and capacitance to adjacent 
picture elements, shown by C s and ^ 
respectively. As a further simplifi- 
cation, the equivalent circuit represents 
a vertical strip of only one picture 
element in width. 

At the lower values of scene 
brightness which lie wholly within the 
linear part of the tube characteristic, 
the "white— region" picture elements will 
become positively charged, by virtue of 
secondary emission, but there will be no 
"stray" electrons because of the powerful 
collecting action of the mesh. Conse- 
quently, a positive potential will be 
induced electrostatically through C k upon 
the picture elements adjacent to the 

transition and a progressively weaker field will affect the more remote elements 
according to their distance from the transition. This means that the resolution 
of the tube will be affected adversely, because, as it approaches the "white" area 
from the "black" area, the scanning beam will commence to lose electrons to the 
target and indicate a change before it actually reaches the positive "white" area 
responsible. (The favourable results of resolution measurements made with test 
patterns of low modulation depth show that this effect is small in the Ai in image 
orthicon. ) As the object brightness is increased, however, the corresponding 
area of the target becomes more positive and the collecting power of the mesh (which 
is held at a constant potential) becomes diminished. This results in the pre- 
sence of "stray" or "re— distributed" electrons which fall back upon the target, 
driving its potential in a negative direction wherever they land. An upper positive 
limit is thus imposed upon the target potential and the response to further increases 
in object brightness now becomes non-linear as this limit is approached, an effect 
which is characterised by the well— known "knee". In those less positive regions 

* This analysis neglects the effects of interlace and considers each field scan singly. 
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corresponding to dark grey or black, which, are located close to the positive "white" 
areas, the effect of the re-distributed electrons is to nullify or even over-compensate 
the induced positive potentials referred to above. This has two important consequences: 

(i) At these higher brightnesses the resolution of the tube is no longer 
slightly impaired by the electrostatic "spread" of positive potential 
from a "white" region into an adjacent "black", but may even be improved 
as a result of the compensating action of the "stray" secondary electrons. 

(ii) The limit on charge stored per "white" picture element, adjacent to an 
area of black or dark grey, hitherto determined by the product of the 
capacitance S and the upper positive limit on the target potential, is 
now raised locally. 

Both these statements imply that a local increase in contrast occurs between 
adjacent black and white areas, but the second requires further explanation. 

Referring now to the equivalent circuit in Fig. 3, A and B represent 
adjacent areas of the image orthicon target. Each is the size of one picture element 
and has capacitance s to the target— mesh (earth) and inter-connecting capacitance C k . 
It is assumed that element A is charged initially by secondary emission to a low 
positive potential corresponding to a grey level, whilst element B corresponds to 
"black". Nevertheless, element B will be slightly positive due to the electrostatic 
field from A, as already described. It will be evident that the total storage 
capacitance of element A is not limited to C s , but is increased by the addition in 
parallel of the series combination of the other two capacitances and, to a lesser 
extent, by other more remote capacitances not shown. This is only true when element 
B carries no positive charge in its own right. Were both elements to be charged to 
equal potentials, then the effect of k would be zero and the stored charge, per 
picture element, would be determined by S alone. If the positive charge upon 
element A is now increased to a value sufficiently high to be accompanied by the 
re-distribution of electrons, then the positive potential induced upon B will tend 
to be nullified. This means that the potential of element B will be close to zero, 
whilst the potential of element A will be near to its positive maximum. The cap- 
acitance C t of element B, therefore, remains uncharged since any induced positive 
charge in element B is offset by an opposing negative one. . Hence, capacitance Cj 
can now accept a charge as if it were in parallel with s and the maximum charge 
available from element A is increased accordingly. It should not be forgotten that 
this can occur only in the "white" portions of high— contrast areas and constitutes 
« _ a raising of the maximum available signal 

current or "knee" position, in those 

|| ^__ areas, by virtue of their higher effective 

capacitance. Thus any highlight area 
of the scene upon a "black" background 
will give rise to a corresponding image 

of positive charge upon the target, 

\ which has an increased maximum avail— 

~ Fig. 3 - Equivalent circuit able charge per picture element around 

representing adjacent its periphery. If its area be made 

picture-element areas sufficiently small these conditions 

of the target will extend over the whole of the highlight 
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and a higher value of maximum output signal can be expected from this region. Further 
reductions in area will result in still further increases in the maximum available charge 
owing to the increasing coupling capacitance per picture element between the shrinking 
"island" of positive charge and the uncharged surrounding areas. As a result of the 
non-linear form of the transfer characteristic in the region of the "knee", the maximum 
light input accepted from small areas is increased by a larger proportion than the 
large area signal current. Measurements show that test objects with small dimensions 
do, in fact, exert a local influence upon the transfer characteristic which is 
similar to the overall effect of an increased target capacitance (reduced target— to— 
mesh spacing). It will be clear that the effective storage capacitance per picture 
element of any "white" area will depend upon the total coupling capacitance per 
picture element between the area and its immediate "black" surroundings, and that 
the smaller the area the greater will be the effect. 

This foregoing analysis of target charge storage and distribution is in 
conformity with experimental evidence and the findings of others which are described 
in the literature on this subject. 1 It should be emphasized, however, that direct 
interpretation of such evidence is not possible, coming as it does through the medium 
of the camera— tube scanning mechanism. Although the accumulation of charge on the tar- 
get is clearly a process which is independent of scanning, so far as directional and 
spatial considerations are concerned, examination of the output picture— signal waveforms 
shows a marked degree of asymmetry which is related to the direction of scanning. This 
is introduced by the reading process and it follows that any analysis must be inclusive 
of this process if it is to be realistic and to be substantiated by experiment. 

1.6. The Iffects of Scanning on Charge Evaluation 

At low values of object brightness no unusual effects have been noted. 
The output waveforms conform to the expected shape and the relationship between input 
illumination and picture-signal amplitude is substantially linear.* As the object 
brightness (and therefore target charge) is increased, it is found that a white object 
upon a black background is portrayed with increasing asymmetry between its leading 
and trailing edges in both the vertical and horizontal directions. An example is 
shown in Fig. 4 which illustrates a number of waveforms resulting from the horizontal 
scanning, along the diameter of a circular patch, at various patch brightnesses. Of 
the two waveforms having the greatest amplitudes, one was obtained at the normal 
maximum exposure and the other at a luminance equal to twice that value: both are 
seen to be advanced in time at their leading edges, relative to the remainder of the 
waveforms. Since only the brightness of the object was changed whilst this test was 
in progress, and the right— hand edges of the waveforms appear to coincide on the time 
scale, it was concluded that the scanning beam had been additionally deflected whilst 
approaching the positively— charged area of the target, an effect often referred to as 
"beam— pulling" . Suggestions that this effect may be explained by the action of 
lateral leakage of charge on the target surface are discounted for the following reasons: 

(i) The resolution of the edge in the higher amplitude case is seen to be 
improved, whereas lateral leakage would have result in a general degrada- 
tion of resolution. 

(ii) The effect was found to be independent of target temperature which is 
known to exert a considerable influence upon the conductance of the target. 

* At very low brightnesses it is sometimes possible to measure a departure from linearity. 
The reasons for this are not certain, but the effect is small and not significant here. 
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It will be seen from Pig. 4 that the steepness of the leading edges of the 
higher-amplitude signals is greater than that of the trailing edges, a small over- 
shoot follows each leading edge, and there is a rise in output signal occurring just 
before the trailing edges. All these effects also occur in the vertical direction. 

The basic mechanism of beam-pulling is fairly simple and has been explained 
elsewhere. 1 Although it is of considerable interest, its effect on performance is 
not very serious in the case of the 4? in image orthicon and it is thought that 
its importance should not be exaggerated. Briefly, the beam is deflected towards a 
positively— charged area. This results in some slight geometric distortion whilst 
the rapid change of beam position accounts for the steepness of the rise of leading 
edges when traversing a black-to-white transition. It is to be noted that beam- 
pulling must always have components in both the horizontal and vertical directions 
and that the angle of incidence of the landing beam will be far removed from the 
normal in many cases. Once the beam is scanning the positive area the extra de- 
flection will tend to be maintained until most of the positively-charged area has 
been neutralized. That is to say, the beam, by its discharging action, prolongs 
the situation which initially caused the spurious deflection. This will occur in 
the line direction until near the end of each horizontal scan of the region in 
question, and in the field direction until all the area has been neutralized except 
for a strip a few lines wide. As the end of each of the horizontal scans approaches, 
therefore, the sweep velocity of the beam must suffer a decrease and the beam will 
"dwell" in the region of the white-to-black transition until deflected normally by 
the scanning field. This slower rate of scan is believed to cause the lack of sharp- 
ness of trailing edges which is of ten to be noted by comparison with the leading edges. 

It is also possible that the rise in output signal which occurs just before 
the trailing edge is partly due to this same cause, since the angle of incidence of 
the beam will approach nearer to the normal as most of the area becomes neutralized 
and this, together with the higher value of "edge" charge, will cause a greater 
proportion of the beam to land. 

2. MEASUREMENTS 

2.1. General 

In all the investigations described in this report only the tube transfer 
characteristic was measured. Where, however, a comparison with operational conditions 
is shown, the measurements have been corrected to conform to the overall transfer 
characteristic. In fact, the two characteristics are almost identical in shape at 
the high values of illumination with which the investigation is concerned, and they 
may be compared directly without serious error. 



The camera tube was operated in the Research Department camera-tube test 
bench, working as a normal 405-line camera channel, and the same line-up procedure as 
that demonstrated at Riverside Studios was used to determine the correct levels of 
illumination required for the tests. Some doubts exist regarding the optimum operat- 
ing potentials for the field-mesh and target-mesh; in this experiment the following 
values were used: 

Field-mesh potential, +15 volts relative to wall anode; 
Target-mesh potential, +2' 75 volts relative to cut-off. 

Tn accordance with the general guiding principle that, so far as is possible, 
the tube should be operated normally during an investigation, it was arranged that 
the camera should view a rear-illuminated transparency depicting a typical scene. 
Once correctly adjusted, the brightness of the scene and the controls of the camera 
were left undisturbed, the test objects being placed upon a small black background 
centrally disposed within the scene. The shape and brightness of the test objects 
were varied independently and the camera-tube beam current was adjusted always to be 
adequate to discharge the excessive highlights which were encountered during the 
measurements . 

During an earlier investigation it was found that, in order to measure the 
transfer characteristic of an image orthicon camera tube, it was necessary to use a 
test object having dimensions within a particular range. With too small a test 
object, the output signal was found to be dependent upon the size of the object 
itself whilst the signal corresponding to the centre of a large white area became 
depressed, at high values of illumination, by the effect of electron re-distribution 
and was not generally representative of tube performance. Over a restricted range 
of intermediate dimensions, however, it was found that the level of the output 
signal corresponding to the centre of an object remained substantially independent 
of the size of the object. Other things being equal, the output-signal amplitude 
was then a function only of the light input to the tube, and measurements made under 
these conditions may therefore be regarded as indicating the "normal" transfer 
characteristic. Before embarking on any set of measurements, involving variations 
in the size of the test object, the operating conditions were standardized by checking 
the "normal" tube characteristic, using a test object of the special size. 

The different shapes of test object used were restricted to vertical slits, 
horizontal slits and circular patches, since it was felt that the use of other shapes 
would tend to add complication. The circular shape was chosen in order to provide 
a combination of some of the characteristics of the first two. 

No measurements were made on any standard other than the British 405— line 
system and it is believed unwise to attempt to forecast the precise effect of a change 
to 625— line working. It is known, however, that the general form and magnitude of 
the results is not dissimilar in the two cases. In this report, the width of a slit 
is expressed in terms of the output-signal waveform given by the British 405-line 
system. Horizontal dimensions are measured in microseconds between half-amplitude 
points, where the duration of the active line is approximately 80*5 fis. Vertical 
dimensions are stated in active television lines, of which there are 377 in a picture. 
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Fig. 5 - Tube transfer characteristics using long vertical slits of various widths 

2.2. Long Vertical Slits 

Pig. 5 shows the tube transfer characteristic obtained when the test object is 
in the form of an illuminated long vertical slit of variable width,, The input illumi- 
nation was varied by means of neutral-density filters interposed between the light source 
and the slit, the background scene remaining unchanged, as mentioned earlier. 

It will be seen that widths of 5 and 10 /is result in curves indistinguishable 
from the normally measured transfer characteristic. Progressive reduction of the slit 
width down to a minimum of 0*6 /is shows an increase in output voltage of 25$, at the 
photo-cathode illumination corresponding to the white level in the background scene. 
At three times this luminance, the output level of the 5 /is and 10 /is objects is not 

substantially changed but the 0' 6 /is pulse 
is now more than 50$ greater. At lower 
levels of illumination the curves merge, and 
the width of the slit has no effect upon 
signal output. Each measurement was made 
centrally within the slit and was found to 
be independent of the vertical position 
except when made close to either the top or 
the bottomof the scanned area. Fig. 6 is 
a photograph of the line— frequency picture- 
signal waveform and shows the effect upon 
the output signal of variations in slit 
width with constant illumination. 

2.3. Long Horizontal Slits 

Pig. 7 and Pig. 8 shows the tube 
transfer characteristics, measured using a 
number of long horizontal slits as test ob- 
jects. Because of the large difference in 
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level between the output signal obtained from the lines corresponding' to the top 
edge of the slit and from those at the bottom edge, it was found necessary to plot 
the results separately. The width of the slit is expressed in television lines and 
was calculated from the measured dimensions of each slit and the known optical and 
electronic magnifications of the scanning system. In each case, the measurement was 
made upon the first "complete" scanning line from the top or bottom of the slit. In 
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Fig. 7 - Tube transfer characteristics using long horizontal slits 
of various widths (measurement made at upper edge of slit) 
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• CATHODE INPUT ILLUMINATION FROM SLIT 



FT- CANDLES 



Fig. 8 - Tube transfer characteristics using long horizontal slits 
of various widths (measurement made at lower edge of slit) 
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the case of the curves labelled 2' 7 lines in Pigs. 7 and 8, only two lines exhibited 
a representative signal and were plotted accordingly. It should be noted that, when 
measuring near the top of the slit, an increased output signal is always obtained 
but only in the case of the narrower slits is the signal increase at the bottom very 
marked. Pig. 9 shows a composite plot of both effects at, and above, the normal 
"white" input illumination. It will be seen that increases in output voltage of up 
to 30$ occur at the normal level of highlight or "white" illumination, whilst in- 
creases of up to 80$ occur at three times this level. 

Pigs. 10(a) and 10(b) are photographs of typical output picture-signal wave- 
forms, displayed as vertical sections and including both odd and even fields. 

2.4. Circular Test Objects 

Pig. 11 shows the tube transfer characteristic when using circular patches 
of various diameters as the test objects. The effect of object size, here, is seen 
to be more marked than in the previous examples and the divergence from the normal 
characteristic becomes apparent at a much lower level of input illumination. Pig. 
12(a) is a photograph of the line-frequency picture-signal output waveform and shows 
the effect of varying the diameter of the circular test object, whilst leaving its 
brightness unchanged at the normal "white" value. Pigs. 12(b) and 12(c) show the 
same effect using object brightnesses of twice and three times normal, respectively. 




BACKGROUND 

SCENE 
WHITE LEVEL 



SHADED AREAS INDICATE 
THE RANGE OF OUTPUT 
SIGNAL LEVELS OBTAINABLE 
DEPENDING UPON LOCATION 
OF MEASUREMENT. 



02 03 0-4 OS 

PHOTO - CATHODE NPUT ILLUMINATION FROM SLIT, FT-CANDLES 



Fig. 9 -Tube transfer characteristics using long horizontal 

slits of various widths. Composite plot of all 

measurements at high values of illumination 
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The complicated shape of the out- 
put waveform resulting from this type of 
test object made it necessary to record 
some of the measurements in a more compre- 
hensive form. These are shown in Fig. 13 
which is an isometric plot of the picture- 
signal output waveforms corresponding to 
two circular, white test objects of diff- 
erent diameters. The horizontal reference 
plane is located at the output level nor- 
mally achieved by "white" objects and is 
intended to show, by comparison, where an 
excessive signal amplitude occurs. 

3. DISCUSSION OF RESULTS 

3.1. The Influence of Object Size 
and Shape 

Neglecting any effects at the 
edges, it may be stated that a rectangular 
white object must have a width of less than 
about 5 {J.s andaheight of less than about 
20 lines, in the British 405-line system, 
if the corresponding signal output is to be 
greater than that from larger areas. In 
the same conditions, a circular white object 
must have a diameter, measured along the 
line, of less than 7 fJ,s. 




TELEVISION LINES (ODD AND EVEN FIELDS) 

(a) 




TELEVISION LINES (bDD AND EVEN FIELDS) 

(b) 

F i g. 10 - Output signal waveforms from 

long horizontal slit test objects. 

Waveforms of vertical section 

through centres of slits 



,-__ , HALF 

l-'SflAMPLITUDE 
DIAMETER 
OF TEST 
OBJECT 

NORMALLY 
MEASURED 
CHARACTERISTIC 




0-OOf OOI O' I 

PHOTO-CATHODE INPUT ILLUMINATION FROM CIRCULAR TEST OBJECT, FT.-CANDLES 

Fig. II - Variations of tube transfer characteristics over the 

areas of circular test objects of various diameters 
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(c) 
Fig. 12 - Effect of diameter upon output 
signal from circular test object. 
Waveforms across diameter 

(a) Normal white illumination 

(6) Twice normal white illumi- 
nation 

(c) Three times normal white 
i I I urn in at ion 



The effect of smaller object 
sizes, in increasing locally the illumina- 
tion required to reach the "knee" , has al- 
ready been seen from Pigs. 5, 7, 8, 9 and 11. 
In each case the input illumination has been 
taken to a value three times higher than the 
normal maximum in order to include those 
scenes in which specular reflections occur. 
Of course the brightness of a specular re- 
flection may be many times that correspon- 
ding to white but, assuming that such 
brightnesses occur only in very small 
areas, it has been found that a factor of 
three times constitutes an adequate 
practical limit. Pig. 14 illustrates the 
manner in which the signal output level 
can vary with object dimensions for an 
object brightness of three times the 
large— area-white value. The prohibitively 
large output levels resulting from very 
small bright objects can be seen compared 
with the "large-area" output at this and 
at normal values of illumination. 

3.2. The Edges of Large White Areas 

Prom the discussion in Section 
3.1. and with reference to Pigs. 4, 6, 10 
and 12, it can be said that, in general, 
the contrast at the edges of large white 
areas is enhanced as a result of the 
effect of inter— element coupling cap- 
acitance. Because of the nature of 
the scanning mechanism the effect is 
most sharply defined at the Upper and 
left-hand edges but also occurs in ex- 
panded form at the lower and right— hand 
sides. The highest output and greatest 
contrast occurs during the first few 
scanning lines at the top of the image. 



3.3. Operational Recommendations 



Pig. 15 illustrates an overall transfer characteristic similar to that 
resulting from the operational method of camera line— up already described in section 
1.2. and plotted in Pig. 1. In this case, however, the output due to small areas 
is also shown. It will be seen that the response to small areas follows an overall 
transfer characteristic of fairly constant "point gamma" (approx. 0*5), whilst 
the output from large areas is depressed at high illumination. Whatever the pre- 
ference for any particular value of transmitted gamma, there is little doubt that 
the small-area characteristic should possess, as it does, a constant "point gamma" of 
about 0*5. The choice of 80$ for the large-area white picture signal is thus 
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LINES 



DIRECTION OF 
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OUTPUT 
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DIRECTION OF 
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Fig. 13 - Isometric plots of the output waveforms corresponding to 
two circular, white test objects 
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Fig. 14 - Variation of output signal level with dimensions of various test 

objects. Brightness of test object adjusted to 

be three times normal highlight brightness 

desirable in so far as it influences the small-area response. If a figure different 
from 805t; were to be chosen, without changing the small-area transfer characteristic, 
then a different exposure setting for the camera tube would be needed. The figure 
of 80$ was selected by 0. & M. Department on the basis of the observations by the 
operational staff over a long period of time and, as such, carries considerable weight. 
The attendant reduction in the perceptibility of flicker is clearly an advantage. 

3.4. Tube Sensitivity 

Many factors are influenced by the sensitivity of a camera tube when 
operated in a particular manner. They are mostly economic in character, involving 
the lighting, heating and ventilation of the studio and they affect both the capital 
and running costs of the television system. 

The 4i in image orthicon camera tube was selected and installed by the 
B.B.C. as having adequate sensitivity, before the new line-up procedure was devised, 
and it is important to ensure that any new method of operation is not accompanied by 
a serious loss in sensitivity. During the tests described in this report the 
operating point (input illumination) of the tube was found to be substantially unchanged 
by the new method of line-up. 

•4. CONCLUSIONS 



The local effect of a small-area highlight has been found to be similar in 
character to a local increase in storage capacitance at the target of the image 
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Fig. 15 ,- Overall transfer characteristic of ij± in image orthicon camera, resulting 
from line-up procedure to give reduced output signal from large white 
areas, and showing output signal levels from smaller areas 

orthicon. A practical application of this is to be found in a method used to adjust 
and standardize the operation of the 4s in image orthicon in B.B.C. television stu- 
dios. It is of interest to note that the operating point of the tube is unaltered by 
the use of this technique. 
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